The burden of methicillin-resistant Staphylococcus aureus (MRSA) has been rising in the past years in many parts of the world (35, 39) . MRSA accounts for substantial morbidity, mortality, and socioeconomic costs (7, 11) . While first known as a health care-associated pathogen, a changing pattern in MRSA epidemiology has been observed over the past decade. MRSA has become a community pathogen (13, 40) , and in the United States, MRSA has become the dominant pathogen for skin and soft tissue infections (SSTI) in outpatients (27) . MRSA isolates from community-associated (CA) cases differ from the classical health care-associated MRSA. They are typically associated with the staphylococcal cassette chromosome mec (SCCmec) types IV and V, coresistance for other antibiotic classes is less common, and they often display the Panton-Valentine leukocidin (PVL) gene (9, 29, 37) . However, the distinction between hospital-associated (HA) and CA MRSA is not always obvious, neither from a clinical nor from a microbiological point of view (17, 25) .
In Iceland, sporadic MRSA infections have been observed through the last decades. However, since 2000 the incidence has been increasing and clinical clusters have occurred, both in the health care setting and in the community. A strict screening policy and eradication of MRSA in carriers (the search and destroy method) has been applied since 1991. This policy has been used for many years in the Nordic countries and the Netherlands, where a constant low MRSA incidence has been attributed to this strategy (38) . Here, we describe the changing clinical and microbiological features of MRSA in Iceland over the past 9 years.
(Minor parts of this work were presented as a poster [K-1088] at the 47th Interscience Conference on Antimicrobial Agents and Chemotherapy [ICAAC] , Chicago, IL, September 2007 [14] , and as a part [B. J. Holzknecht, invited speaker] of the session "Update on MRSA in Scandinavia" at the 25th annual meeting of the Scandinavian Society for Antimicrobial Chemotherapy, Copenhagen, Denmark, September 2008.)
MATERIALS AND METHODS

Setting.
Iceland is a 103,000-km 2 island in the North Atlantic, with a population of 317,630 (as of 1 January 2010). There is one university hospital (790 beds) in the capital, Reykjavik, which is the secondary care hospital for the capital region and serves as a tertiary care hospital for the whole country.
All samples, where MRSA was suspected, were handled by the reference microbiology laboratory at the university hospital.
In 1991, the search and destroy strategy was implemented, and the guidelines were revised and applied more strictly after the first cluster of health careassociated MRSA cases occurred in 2000. Defined risk groups (patients and health care workers [HCW] , who in the last 6 months have worked or been treated in foreign health care institutions, previously known MRSA carriers, and their household members) were screened upon seeking hospital care. Every new MRSA patient was evaluated by an infection control nurse and/or an infectious disease specialist, and family members and close contacts were screened. MRSA eradication of carriers was attempted and also offered to MRSA-negative close contacts. Standard eradication treatment consisted of skin and hair wash with chlorhexidine soap combined with mupirocin nasal ointment. Instructions for household cleaning were given. Systemic antibiotics were added in case of throat carriage or unsuccessful treatment, as appropriate. Patients were followed with surveillance cultures for 1 year. At the university hospital there is an electronic alert system for known MRSA carriers. Since May 2008, MRSA has been a notifiable disease.
Clinical data. Since 1 January 2000, clinical and epidemiological data of each MRSA patient have been collected prospectively and entered into a database, each person being registered only once. Based on clinical information, the acquisition mode was classified as "imported" (e.g., nonresident of Iceland or association to health care system abroad), "hospital-associated (HA)" (sample taken Ն48 h after hospitalization, without signs of infection at hospitalization), or "community-associated (CA)." The last was subdivided into "with health care-associated risk factors" (hospital-associated, e.g., health care workers and patients having undergone invasive procedure or hospitalized overnight, or longterm care facility [LTCF]-associated) and "without health care-associated risk factors" (including risk factors for CA MRSA, such as close contact with known MRSA patient). Outbreaks were defined as Ն10 clinically related cases with microbiologically identical isolates. Groups of fewer than 10 related cases with identical isolates were termed clusters and, according to the clinical relations, subdivided into clusters in the health care system or clusters in the community. The study design and realization were approved by the National Bioethics Committee (07-035-S1) and the Data Protection Authority (2007020148).
Laboratory screening for MRSA and susceptibility testing. Screening swabs were routinely taken from the anterior nares, throat, perineum, and wounds or other skin lesions. Urine was cultured for MRSA, if a urinary catheter was present, and sputum was cultured in the case of respiratory symptoms. For admitted patients, two sets of samples were taken, with an interval of 1 to 4 h. For other persons, only one set was taken. Swabs were incubated in enrichment broth (heart infusion broth with 7% salt and 4 g/ml gentamicin) for 16 to 24 h and subcultured on oxacillin resistance screening agar base (ORSAB; Oxoid) and a blood agar plate with a 30-g cefoxitin disk (1 g of oxacillin prior to 1 April 2004). Suspicious colonies were tested for coagulase and, if positive, verified by a penicillin binding protein (PBP) 2 latex agglutination test (Oxoid, Cambridge, United Kingdom). In addition, the presence of the mecA gene was confirmed by PCR as described before (30) . Susceptibility testing for gentamicin, rifampin, trimethoprim, trimethoprim-sulfamethoxazole, tetracycline, minocycline, erythromycin, clindamycin, ciprofloxacin, and linezolid was done by disk diffusion (Oxoid) according to the Clinical and Laboratory Standards Institute (CLSI) guidelines, and the MICs of oxacillin, vancomycin, teicoplanin, and mupirocin were evaluated by Etest (AB bioMérieux, Sweden).
Typing methods. Only the first isolate of each MRSA case was submitted for further characterization. Of the 226 isolates, 215 (95%) were available for genotyping. Pulsed-field gel electrophoresis (PFGE) typing according to the Harmony protocol (28) was performed on all isolates. Staphylococcus aureus NCTC 8325 was used as a reference standard. The international reference strains ATCC BAA-1556 (USA300) and EMRSA-15 (from the Harmony collection [6] ) were also included in the analysis. The PFGE patterns were analyzed with BioNumerics software (Applied Maths, Sint-Martens-Latem, Belgium), using the Dice coefficient with 1% band tolerance and 0.5% optimization settings. A similarity of Ն80% defined PFGE types, which were named with running numbers after appearance in the dendrogram.
Eight representative isolates from the two outbreaks and all available nonoutbreak isolates were subjected to spa typing (34) . Designation of spa type was conducted by using the Ridom StaphType program (Ridom GmbH, Wurzburg, Germany) (16) . Spa clonal clusters (CC) were determined by the based upon repeat pattern (BURP) analysis (StaphType Software; Ridom GmbH, Wurzburg, Germany) (26) with the default settings: exclusion of spa types shorter than 5 repeats and a maximum of 4 costs for clustering spa types into the same group. SCCmec types were determined by an in-house multiplex PCR (5) extended with ccrA1 and mecI primers (15, 31) . Isolates from the first outbreak were further analyzed by ccrB typing (32) to confirm the SCCmec III genotype, as typing by multiplex PCR had been inconclusive.
Detection of PVL gene. The PVL gene was detected by PCR as previously published (22) on 8 representative isolates from the two outbreaks and on the 169 available nonoutbreak isolates.
Statistical analysis. To compare groups by categorical data, the chi-square and Fisher's exact tests were used. To compare groups by continuous variables, the Mann-Whitney U test was used. For processing the data, SPSS 11.0 (SPSS Inc., Chicago, IL) was used. The level of significance was set at 0.05.
RESULTS
Basic epidemiology, outbreaks, and clinical clusters. During the study period, MRSA was detected in 226 individuals; 106 (47%) were males. The incidence ranged from 2.5 to 16/100,000 per year. The median age was 44 years (range of 1 month to 100 years).
Before the year 2000, zero to five sporadic patients were diagnosed with MRSA per year. After 2000, the incidence increased and a growing number of epidemiologically related cases were diagnosed (Fig. 1) .
Two health care-associated outbreaks occurred in 2001 and from 2002 to 2003, respectively. The first outbreak (spa type t037) accounted for 10 patients in a surgical ward of the university hospital. The index patient had been transferred from a hospital in Thailand. The second outbreak was significantly larger, starting with an index case in a geriatric rehabilitation ward of the university hospital. Through extensive screening measures, another 25 patients, one family member, and 11 HCW were diagnosed over a 4-month period. The patients and HCW were associated with four different wards in the university hospital and three community hospitals in the capital area. Infection control measures included screening of all contacts, cohorting of positive patients, and MRSA eradication therapy, as well as closure and disinfection of wards. The isolates in the second outbreak displayed an uncommon spa type (t2802) which was not detected apart from that outbreak and has so far been described only for Iceland and Sweden (http://spaserver .ridom.de/spa-t2802.shtml, accessed 31 August 2010).
They were susceptible to all tested antibiotics except trimethoprim, carried SCCmec type IV, and were PVL negative. Apart from the outbreaks, five clinical clusters were identified in the health care system from 2000 to 2006, affecting 12 individuals. Since 2002, 21 clinical clusters occurred in the community, involving 52 persons. The remaining 114 were sporadic cases. Thirty-two (14%) of the 226 individuals were health care workers, and 21 of them were associated with outbreaks and clusters.
Clinical presentation. Of the 226 individuals, 115 (51%) were diagnosed by screening. Of these, 40 (35%) were screened because of previously defined risk factors, and in 75 (65%) the diagnosis was made by screening close contacts of a newly diagnosed MRSA patient (contact tracing).
Ninety-one of the 226 cases (40%) were only colonized. The remaining 135 cases presented with clinical infections, SSTI being the most common (109 patients, 81%). Fifteen patients (11%) had genitourinary tract infections, eight (6%) respiratory tract infections, one osteomyelitis, and two bacteremia. Both bacteremias occurred in 2008 in young men with community-associated, recurrent SSTI. Both were imported cases and had no other MRSA-related risk factors.
According to the National Registry, at the end of the study period (median follow-up of 3.5 years), 36 patients (16%) had died, 20 (9%) resided abroad, and 170 patients (75%) still lived in Iceland. None of the deaths could be attributed to an MRSA infection.
Acquisition. MRSA was considered to be imported for 65 individuals (29%), six of whom (3%) were passengers on transatlantic flights or cruise liners and admitted on an emergency basis to an Icelandic hospital. Four patients (2%) were shorttime tourists seeking medical advice, and 13 (6%) were patients directly transferred from a foreign hospital to an Icelandic hospital. Forty-six (20%) were HA, 48 (21%) CA with health care-associated risk factors, 60 (27%) CA without health care-associated risk factors, and 7 (3%) not classifiable (Fig. 2) . The median age of the health care-associated cases was 69 years (range of 12 to 100 years) and was significantly lower in the CA cases without health care-associated risk factors (26 years; range of 0 to 82 years; P Ͻ 0.001).
Resistance pattern. Of 226 isolates, 52 (23%) were resistant only to beta-lactams and 67 (30%) were resistant to three or more of the non-beta-lactam antibiotics tested. The percentage of isolates resistant to three or more antibiotics was highest for imported isolates (35/65; 54%), intermediate in health care-associated (HA and CA with health care-associated risk factors) MRSA cases (28/94; 30%), and lowest in isolates from CA cases without health care-associated risk factors (4/60; 7%).
Genotyping, SCCmec typing, and presence of the PVL gene. PFGE showed 40 different PFGE types, while spa typing revealed 49 different spa types, which by BURP analysis were assigned to 10 clusters and six remaining singletons. Results of the PFGE and spa typing were consistent (Table 1) . Also, the two methods complemented each other; eight spa types included more than one PFGE type, and 15 PFGE types included more than one spa type. However, 12 of these PFGE types included only spa types belonging to the same spa CC, and the remaining three included an additional singleton. The PFGE dendrogram, respective spa types, spa CC, SCCmec types, and presence of the PVL gene are available in the supplemental material.
Comparison of the PFGE types with known reference strains confirmed that PFGE type 1 contained the USA300 clone and PFGE type 37 the EMRSA-15 clone.
The vast majority of the 226 isolates carried SCCmec type IV (72% of 177 tested isolates, representing 74% of 215 available isolates, when outbreaks were extrapolated). SCCmec type II was the second most common type, with 24 of 177 tested isolates (14%) ( Table 1) .
Of the 177 isolates tested (including the outbreak isolates and therefore representing 215 isolates), 82 (38%) were PVL positive. PVL was significantly less likely to be positive in isolates from individuals related to the health care system (HA and CA with health care-associated risk factors; 14 of 90 PVL positive) than in CA MRSA isolates from patients without health care-associated risk factors (42 of 58 positive, P Ͻ 0.001); this was still highly significant (P Ͻ 0.001), when the outbreak isolates were only counted once. PVL-positive isolates were more likely to be associated with infections (63 of 82 isolates) than PVL-negative isolates (64 of 133, P Ͻ 0.001). While 60 of the available 105 isolates associated with SSTI were PVL positive, only three of the available 22 isolates associated with other infections were PVL positive (P Ͻ 0.001).
DISCUSSION
Because of its small size and infrastructural characteristics and the fact of it being an island state, Iceland provides an ideal In the first half of the study period, MRSA was mainly a health care-associated problem. The first outbreak was caused by an imported, well-known multiresistant nosocomial MRSA (spa type t037) carrying the SCCmec type III. In contrast, the second outbreak was caused by a typical "community MRSA," resistant only (19, 38) . However, we now see a shifting epidemiology of MRSA from the health care system to the community. In many parts of the world, the emergence of MRSA in the community has been responsible for rapidly increasing morbidity and costs in the past years and has been of great concern worldwide (13, 18, 27, 40) . Risk factors for CA MRSA have been studied (3, 29) but are more difficult to define than those for health careassociated MRSA. It is therefore challenging to adapt the "search" part of the search and destroy protocol to the changed epidemiology. However, possible strategies for an increased detection of MRSA in the community could include the education of general practitioners and emergency room staff about characteristics of MRSA skin infections and the importance of obtaining specimens for culture. The implementation of a more aggressive "destroy" part of the protocol would have to include house visits for screening of household members and closer follow-up for MRSA carriers in the community to ensure optimal adherence to the eradication protocol. Focusing on locally endemic spa types, such as t019 and t008/t024, could be adequate and has been shown to be feasible and effective in similar settings (2, 36) .
Genotyping by PFGE and spa typing showed a great diversity of MRSA in Iceland. Worldwide, the molecular epidemiology of MRSA varies greatly between different geographic regions. While in some areas few clones or even one clone clearly dominates, such as USA300 in the United States (23, 27) or the Lyon clone in France (8), heterogeneous patterns have been found in other areas (1, 10) . The MRSA clones found in Iceland are to a great extent previously described clones from many different geographic areas. The spa type t019 (Southwest Pacific [SWP] clone, multilocus sequence typing [MLST] ST-30), which shows features of being endemic in Iceland, has been linked to the Southwest Pacific (37) and has recently been described as a frequently occurring clone in Copenhagen, often in persons related to Eastern Asia (1). However, in our study, the relationship to this region was not very strong. Interestingly, this spa type did not rank among the 20 most common spa types of invasive MRSA infections in Europe in a recent comprehensive study (12) . Another wellknown clone that was identified was USA300. This clone has spread rapidly in the community in the United States, is the main causative agent for SSTI in some areas (27) , and is now occurring in hospital-associated infections (33) . Recently, it has been described with increasing frequency for the community and hospitals in Denmark (20) . Its appearance in Iceland is worrisome, especially as one-third of the isolates (10/30) occurred in the last study year, suggesting a rising incidence. Interestingly, only three of the 215 isolates examined in this study were spa type t044, the most common spa type in the MLST ST-80 clone. This clone occurs endemically in the community in many European countries (10, 21, 37) .
A recent European study has shown regional clustering of MRSA spa types causing invasive infection, e.g., t067 in Spain and t041 in the Balkans and central Italy (12) . In our study, many of the MRSA cases with these spa types had a travel history matching this geographic distribution (Table 1) . This supports our hypothesis that the heterogeneous genotypic pattern of MRSA in Iceland is due to repeated import of MRSA. However, there are indications of further genetic evolution of MRSA in Iceland. In one family with three cases, we have found genetically closely related isolates displaying the same PFGE type, but one patient had a spa type (t558) which differed from the other two (t125) by one repeat. The 3 isolates shared the same susceptibility pattern and were all PVL positive. This is consistent with the evolution of a genetically closely related isolate during an outbreak in Denmark, where two different isolates were cultured from the same individual on the same day (1) and with the finding of spa type alterations in individual MRSA patients (K. Boye and H. Westh, submitted for publication).
Important changes occurred in the Icelandic population during the study period, with rapidly increasing travel activity and increasing ethnic heterogeneity of this formerly more isolated society. The percentage of inhabitants with a foreign citizenship rose from 2.6% in 2000 to 7.4% in 2008 (http://www .statice.is, accessed 31 August 2010). The number of passengers arriving at Keflavik airport, the main international airport of Iceland, increased by 99% from 1990 to 2000 and by another 63% from 2000 to 2008 (http://www.statice.is, accessed 31 August 2010). These changes are very likely to be linked to the increased incidence of genetically heterogeneous MRSA in Iceland. Both travel and migration have in other studies been associated with MRSA (3, 10, 24) .
The changing epidemiology of MRSA in Iceland reflects the changes reported worldwide and the effects of globalization. MRSA is challenging the community and has to be fought there to prevent the spread of community MRSA into the health care system, as reported with the USA300 clone in the United States and the spa type t2802 in the second outbreak described in this study. Our data underline the need for surveillance, typing, and constant reassessment of existing strategies to control MRSA in Iceland and elsewhere.
